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 摘 要 
目的：食管鳞状细胞癌（esophageal squamous cell carcinoma, ESCC）是全球常见
的致死性恶性肿瘤。为进一步探讨其分子机制，我们利用全基因组外显子测序
技术寻找食管鳞癌中多发的突变，包括点突变、结构变异等，并且进一步鉴定
食管鳞癌中多发的单核苷酸变异（Single nucleotide variation, SNV）。在体细胞水
平探讨食管鳞癌发生发展的分子机制。 
方法：1. 通过外显子测序生成并收集数据库 ESCC测序数据。2. 128对食管鳞癌
外显子测序数据采用新一代基因序列比对方法（Burrows Wheeler Alignment, 
BWA）进行比对进而运用突变计算软件（Genome Analysis Toolkit, GATK）、
（Mutation Detect,  MuTect）发现 SNV。3. 用数学分析方法来识别那些比预计随
机发生更加频繁发生突变的基因（Mutation Significance covariates, MutSigCV ）
进行突变筛选。4. 运用 R 语言统计软件比较 SNV 计算方法和不同研究发现的
SNV。  5. 用剪接体揭示结构变异算法（Clipping Reveals  Structure，CREST）分
析 ESCC外显子序列结构变异（Structual Variation, SV）。6. 对 ESCC突变基因进
行功能分析（Gene Ontology,GO）。 
结果：1. 外显子测序生成的 10对 ESCC测序数据，编号为“ZHSHAN10”合并收
集的 118对 ESCC测序数据，编号为“SRP30009”共 128对标本的信息。2. 128对

















置。6. CREST算出 1601个结构变异，其中 14个结构变异发生频率较高包括：




































Objective: Esophageal squamous cell carcinoma  is a global common lethal cancer 
with  poor survival rates, The aim of this study was  to further investigate the molecular 
mechanisms about the somatic variation of esophageal squamouscell carcinoma 
through identifying a significant related SNV (multiple single nucleotide mutation in 
esophageal squamous carcinoma) including: point mutations, insertions deletions. Until 
we identify and establish the SNV with respect to the development of esophageal 
squamous cell carcinoma, we would be able to  explore the molecular mechanisms of 
esophageal squamous cell carcinoma at the cellular level and ultimately to provide the 
scientific basis for molecular targetings therapy of esophageal squamous cell carcinoma 
in clinic. 
Methods: We have collected 128 paired exome sequencing data of esophageal 
squamous cell carcinoma. Then the related SNV were screened and annotated. Using 
bioinformatics data analysis method we also analysis the SNV,  SV and do the 
algorithm comparison of 118 cases of ESCC sequencing data which were previously 
downloaded fromthe research data of Lin etal. Aiming to find the significant correlated 
SNV and to compare, as well as to analyses the functional pathway related to ESCC. 
Results: In the study about SNV of  ESCC, 128 cases with clinical information of 















are recurrently mutated in esophageal squamous cell carcinoma, of which 175 SNV 
(0.93%) were screened by using algorithm of  MutSigCV. No study of SNV about gene 
PLEC, EPPK1, N4BP3, KRT35 so far have found in the esophageal squamous cell 
carcinomas. We also found that the PLEC mutations occur in the position (8q24.3). In 
the study of structural variations, we analysed 1601 structural variants  by using CREST 
(Clipping REveals STructure) algorithm. Then we also measured 14 fusion gene with 
the occurrence frequency more than 10%: TITIN, MUC16, BRCA1, FAT1, and TESK1 
etal. Finally, the functional pathway about the significant SNV and SV were analysed 
to examine their molecular mechanism in the esophageal squamous cell carcinoma 
development. 
Conclusion: We analysed exon sequencing data about esophageal squamous cell 
carcinoma and then discussed the somatic variation of the esophageal squamous cell 
carcinoma of Chinese at the cellular level. We also gathered and compaired the different 
algorithm, SNV from different research data of ESCC. The information of SNV, SV 
and the functional pathway related to ESCC have been achieved by this study. 
These findings were of great importance for future studies in finding and identifying 
SNV, as well as the functional verification of esophageal squamous cell carcinoma 
genomic. 
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第 1 章前言 
第 1章 前言 
食管癌是全球第 6 大致死性肿瘤，其发病在不同地理位置、不同种族、不
同社会文化、不同环境间存在巨大差异。其病理类型主要是食管鳞状细胞癌
（esophageal squamous cell carcinoma, ESCC）[1, 2]。包括中国在内的东亚地区，
食管鳞癌在全部食管恶性肿瘤中占有 90%以上[3, 4]。每年新增患者人数超过 48
万例，患者的 5 年生存率差（15％～25%）[5, 6]，且多数食管癌患者目前不能手
术切除或伴有转移性疾病。据国际癌症研究机构（International Agency for 


































Xiong 等人的研究表明 PTKs 由原癌基因或癌基因编码，由 PTKs（蛋白质
酪氨酸激酶）和 PTPs（蛋白质酪氨酸磷酸酶）精确调控的蛋白质酪氨酸磷酸化
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